Development of dual-axis solar tracking using arduino by Abed, Saif Ahmed
Integrated Water
Resources Management












Hak Cipta terpelihara. Tidak dibenarkan mengeluar ulang mana-mana bahagian 
artikel, ilustrasi dan isi kandungan buku ini dalam apa juga bentuk dan dengan 
cara apa jua sama ada secara elektronik, fotokopi, mekanik, rakaman atau cara 
lain sebelum mendapat izin bertulis daripada Pejabat Penerbit, Universiti Tun 
Hussein Onn Malaysia, Parit Raja, Batu Pahat, Johor. Perundingan tertakluk 
kepada perkiraan royalti atau honorarium.
Perpustakaan Negara Malaysia                 Data Pengkatalogan-dalam-Penerbitan
Mohamad Ali Fulazzaky
Integrated water resources management in view of environmental sustainbility 
aspects / Mohamad Ali Fulazzaky, Sutardi
ISBN 978-983-2963-75-2
 1.Water resources development--Malaysia. 2. Integrated water   
 development--Malaysia.  3.Water quality    management--Malaysia.
 4. Sustainable development--Environmental  aspects--Malaysia.
 I.sutardi. II.Title.
 333.9115
Diterbit dan dicetak oleh :
Pejabat Penerbit
Universiti Tun Hussein Onn Malaysia
86400 Parit Raja, Batu Pahat
Johor Darul Ta’zim
Tel :  07-453 7454 / 7452
Faks : 07-453 6145
Laman Web :  www.uthm.edu.my/pt  
E-mel : pt@uthm.edu.my
Integrated Water Resources Management
in View of Environmental
Sustainability Aspects
Lessons learned from Indonesian experiences on integrated water 
resources management planning and implementation
Dr. Mohamad Ali Fulazzaky
Unverst Tun Hussen Onn Malaysa and
Drectorate General of Water Resources of the
Indonesan Mnstry of Publc Works
Dr. Sutardi
Drectorate of Educaton and Tranng of the




my daughter Tahira, 
my son Zaky; and
my wfe Ambar





About the Authors ......................................................................................................x
Chapter 1 
The Natonal Context and IWRM Implementaton Status .......................................... 1
1.1. Introducton ................................................................................................. 1
1.2. Summary of Natonal Geographcal, Socal and Economc Stuatons ....... 2
1.3. Summary of the Water Resources Stuaton ............................................... 2
1.3.1. General Condton of Water Resources ...................................................... 2
1.3.2. Water Resources Potental ......................................................................... 4
1.3.3. Water Resources Demands ........................................................................ 6
1.3.4. Key Water Issues and Management Challenges ........................................ 7
1.4. Present Status of the IWRM Implementaton Process ................................ 9
1.4.1. Internatonal Awareness and Commtment on IWRM ................................. 9
1.4.2. Natonal Awareness and Commtment on IWRM and 
 Establshment of a Natonal Water Vson ................................................. 10
1.4.3. Comprehensve Assessment on Water Management Issues ....................11
1.4.3.1. Opportunty: water resources law already adjusted ...................................11
1.4.3.2. Perspectves ............................................................................................. 12
1.4.4. Establshment of Natonal Water Polces and Strateges n
 Accordance wth IWRM Prncples ............................................................ 12
1.4.5. Status of Natonal IWRM Implementaton Plans n
 Accordance wth the IWRM 2005 Target .................................................. 14
1.4.5.1. Internatonal Support for Development of Natonal IWRM 
 and Water Efficiency Plans ....................................................................... 14
1.4.5.2. Present Ongong IWRM Implementaton Actons ...................................... 15
1.4.6. Progress of Polcy Development Montorng and Assessment
 Frameworks .............................................................................................. 16
1.4.6.1. Adherence of the New Indonesan Water Resource Law and 
 IWRM Prncples ....................................................................................... 16
1.4.6.2.  Outstandng works need to be addressed ................................................ 18
Chapter 2 
The IWRM 2005 SEA Project: 
Settng up the Objectves, Works Plan, Implementaton and Workshop ................. 20
2.1. Objectves ................................................................................................. 20
2.2. Works plan ................................................................................................ 20
2.3. Implementaton of the IWRM 2005 SEA Project ....................................... 21
2.3.1. Term of Reference for Short Term Expert ................................................. 21
2.3.2. Stakeholders Consulted n the Study ........................................................ 21
2.3.3. Members of the Study Team ..................................................................... 21
2.4. Workshop on IWRM n Vew of Envronmental Sustanablty
 Aspects ..................................................................................................... 22
v
2.4.1. Objectves of Workshop ............................................................................ 22
2.4.2.  Tme and Venue ........................................................................................ 22
2.4.3.  Target group for workshop ........................................................................ 22
Chapter 3 
The IWRM 2005 Project’s Results and Outcomes .................................................. 23
3.1. Outcomes and Result of the Project Activities: Identification of 
 General Problems and Government Polces on Natural Resources ........ 23
3.1.1.  Identification of Problems and Issues on Management of
 Natural Resources .................................................................................... 23
3.1.1.1. Decrease of Area of Forest Resources ..................................................... 23
3.1.1.2. Degradaton of Upper Watersheds ........................................................... 24
3.1.1.3. Degradaton of Coastal Ecosystem .......................................................... 24
3.1.1.4. Mnng Practces that Caused Envronmental Degradaton ...................... 24
3.1.1.5. Hgh Threat on Bodversty ....................................................................... 24
3.1.1.6. Hgh Polluton on Water and Water Sources due to Wastewater and
  Solds Waste ............................................................................................. 25
3.1.1.7. Threat on Decreasng Ar Qualty .............................................................. 25
3.1.1.8. Weakness on Forest Management ........................................................... 25
3.1.1.9. Weakness on Early Warnng Systems and Mtgaton Systems of
 Natural Dsasters ...................................................................................... 26
3.1.1.10 Uncertanty on Exstng Law on Mnng Busness ..................................... 26
3.1.1.11 Impacts of Clmate Varablty and Clmate Changes ................................ 26
3.1.1.12 Alternatve of Envronmental Fundng ....................................................... 27
3.1.1.13 Global Issues on Envronment .................................................................. 27
3.1.1.14 Synchronzaton and Harmonzaton of Laws ............................................ 28
3.1.1.15 Lack of Awareness of Communty n Mantanng Envronmental
 Sustanablty ............................................................................................. 28
3.1.2.   Identification of Government Policies on Forestry, Mining and 
 Conservaton of Natural Resources and Ecosystems .............................. 28
3.1.2.1. Inventory on Exstng Laws and Regulatons related to envronment
 Management ............................................................................................. 28
3.1.2.2. Government Polces on Management of Natural Resources ................... 30
3.1.2.3. Government Programs on Management of Natural Resources ................ 31
3.2. Outcomes and Results of the Project Activities: Identification of
 Issues and Problems on Water Use Sectors ............................................ 34
3.2.1. Issues and Problems on Water and People.............................................. 34
3.2.1.1. Present Stuaton ...................................................................................... 34
3.2.1.2. The Avalablty of Safe Water ................................................................... 35
3.2.1.3. Issues of Water Servce ............................................................................ 35
3.2.1.4. Issues n Santaton and the Dsposal of Human Waste ........................... 36
3.2.2. Issues and Problems on Water and Food................................................. 37
3.2.2.1. Background ............................................................................................... 37
3.2.2.2. Present Stuaton ...................................................................................... 38
3.2.2.3. Threats on Food Securty ......................................................................... 39
v3.2.2.4. Constrants on Irrgated Rce Producton .................................................. 39
3.2.3. Issues and Problems on Water and Nature .............................................. 41
3.2.3.1. Present Problems and Challenges ........................................................... 41
3.2.3.2. Threats on Water Avalablty and Sustanablty ....................................... 43
3.2.3.3. Watersheds Degradaton .......................................................................... 44
3.2.4. Issues and Problems on Water and Industry ............................................ 44
3.2.4.1. Present Condton ..................................................................................... 44
3.2.4.2. Issues and Problems ................................................................................ 45
3.2.5. Issues and Problems on Water and Energy ............................................. 45
3.2.5.1. Present Condton ..................................................................................... 45
3.2.5.2. Issues and Problems ................................................................................ 46
3.2.6. Issues and Problems on Water and Hazard ............................................. 47
3.2.6.1. Present Condton and Problems .............................................................. 47
3.2.6.2. Issues and Perspectve ............................................................................. 50
3.2.7. Issues and Problems on Water and Transportaton .................................. 52
3.2.7.1. Present Condton and Problems .............................................................. 52
3.2.7.2. Issues and Perspectve ............................................................................. 53
Chapter 4 
IWRM Plannng and Implementaton: Lessons Learned ......................................... 54
4.1. Benefits and Potentials: Recommendations ............................................. 54
4.1.1. Comments and Recommendatons on Government Polces on
 Natural Resources Management .............................................................. 54
4.1.1.1. Enablng Envronment ............................................................................... 54
4.1.1.2. Insttutonal Framework ............................................................................. 56
4.1.1.3. Management Instruments ......................................................................... 57
4.1.2. Comments and Recommendatons on Water Uses Sector ...................... 58
4.1.2.1. Comments and Recommendaton for Water and People ......................... 59
4.1.2.2. Comments and Recommendaton for Water and Food ............................ 61
4.1.2.3. Comments and Recommendaton for Water and Nature .......................... 64
4.1.2.4. Comments and Recommendaton for Water and Industry ........................ 66
4.1.2.5. Comments and Recommendaton for Water and Energy ......................... 67
4.1.2.6. Comments and Recommendaton for Water and Hazard ......................... 69
4.1.2.7. Comments and Recommendaton for Water and Transportaton.............. 72
4.2. Constrants and Weakness ....................................................................... 73
4.2.1. Input from Stakeholders’ Dscusson......................................................... 73
4.2.2. Needs to Natural System Approach .......................................................... 74
4.2.3. Needs to Synergy’s Polcy and Strategy ................................................... 74
4.2.4. Factors Influence on IWRM Development and Application ....................... 74
4.3. Lessons Learned from Formulaton of the New Water 
 Resources Law ......................................................................................... 75
Chapter 5 
The Way Forward Towards the Vson of IWRM ...................................................... 76
5.1. The Natonal IWRM Roadmap for IWRM Implementaton ........................ 76
v
5.1.1. Enablng Envronment  .............................................................................. 76
5.1.2. Insttutonal Framework ............................................................................. 76
5.1.3. Management Instruments ......................................................................... 78
5.2. Regonal and Internatonal Cooperaton and Support Needs ................... 80
5.2.1. Regonal cooperaton ................................................................................ 80
5.2.2. Internatonal cooperaton .......................................................................... 80
5.2.3. Requre Internatonal Support ................................................................... 81
5.2.4. Requre Internatonal Cooperaton n Natural Dsaster Management ....... 81
References .............................................................................................................. 84
Annex 1: Internatonal Questonnare on Natonal IWRM Implementaton .............. 89
Attachment-1 for Annex 1: Lst of Requred Government Regulatons 
Accordng to the Water Resources Law No. 7/2004 .............................................. 100
Attachment-2 for Annex 1: Role and Functons of Mnstry of Publc Works 
of the Republc of Indonesa on Water Resources Management .......................... 101
Attachment-3 for Annex 1: Process of Development of the Natonal
 IWRM Plan ........................................................................................................... 105
Fgure 1 for Annex 1: Outlne of Project Work Plan ............................................... 107
Fgure 2 for Annex 1: Organzatonal Structure of the Exstng Natonal
Coordnaton Team for Water Resources Management......................................... 108
Fgure 3 for Annex 1: Project Management Structure ........................................... 109
Annex 2: Report Summary on Natonal Workshops and Meetngs ........................110
Attachment-1 for Annex 2: Workshop Agenda ........................................................112
Attachment-2 for Annex 2: Lst of Partcpants on Natonal Workshop on 
Integrated Water Resources Management n Vew of Envronmental 
Sustanablty Aspects n Indonesa (Jakarta, July 4, 2006) ....................................113
Attachment-3 for Annex 2: Workshop Outcomes ...................................................116
Annex 3: ROADMAP of Actvtes on Transton to IWRM n the Republc of 
Indonesa ............................................................................................................... 136
Index   ................................................................................................................ 140
v
Preface
Integrated Water Resources Management (IWRM) n vew of envronmental 
sustanablty aspects s geared toward readers of decson-makers level 
takng an ntroductory to peer the profound problems on water resources and 
envronment. Integrated management means that all the dfferent uses of water 
resources are consdered together. The bass of IWRM s that dfferent uses 
of water are nterdependent. Water allocatons and management decsons 
consder the effects of each use on the others. They are able to take account 
of overall socal and economc goals, ncludng the achevement of sustanable 
development. The book’s materal s also applcable for readers enrolled n 
upper level scence, technology and engneerng related to water resources 
and envronment. The readers should already understand such water supply, 
wastewater, rrgaton, water and food producton, water and natural dsaster, 
ndustral water consumpton, coolng water, hydropower energy, and rver 
transportaton as well as envronmental sustanablty. 
The orgnal Integrated Water Resources Management n Vew of Envronmental 
Sustanablty Aspects s based on the study team report on “Integrated Water 
Resources Management and Efficiency Plans by 2005 Project”, authored by 
Sutard, Fulazzaky, Purwonugroho and Suzzana, appeared n July 2006. The 
use of ths text as natonal report for the IWRM 2005 Regonal Meetng n 
Rayong – Thaland on September 10 – 13, 2006 has encouraged the authors 
to contnue buldng on the man purpose of the book – to extend lucdly the 
understandng of ntegrated water resources management. The basc IWRM 
concept has been extended to ncorporate partcpatory decson-makng.
Ths book exposes readers to a broader envronmental aspect of water 
resources management through separate chapters on: () Indonesan context 
and IWRM mplementaton status, Chapter 1 revews water resources balance, 
key ssues, regulaton and polcy, and IWRM mplementaton status essental 
for graspng the fundamentals of ntegrated water resources management; 
() project’s objectves, works plan, mplementaton and workshop, Chapter 
2 ntroduces the project’s organzaton as tool for problem solvng based 
on stakeholders partcpatory and shows how to manage a task forces 
n dfferent dscplnes of water uses;  () outcomes and results of project 
actvtes summarzed n Chapter 3; (v) lessons learned from IWRM plannng 
and implementation in Indonesia are presented in Chapter 4; and (v) finally, 
Chapter 5 proposes way forward towards the vson of IWRM through natonal 
IWRM roadmap for IWRM mplementaton and also appealng the regonal 
and nternatonal cooperaton and support needs.
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